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Abstract This paper investigates the impact of a variety of travel information types on
the quality of travel choices. Choice quality is measured by comparing observed choices
made under conditions of incomplete knowledge with predicted choice probabilities under
complete knowledge. Furthermore, the potential impact of travel information is considered
along multiple attribute-dimensions of alternatives, rather than in terms of travel time
reductions only. Data is obtained from a choice experiment in a multimodal travel simu-
lator in combination with a web-based mode-choice experiment. A Structural Equation
Model is estimated to test a series of hypothesized direct and indirect relations between a
traveler’s knowledge levels, information acquisition behavior and the resulting travel-
choice quality. The estimation results support the hypothesized relations, which provides
evidence of validity and applicability of the developed measure of travel-choice quality.
Furthermore, found relations in general provide some careful support for the often ex-
pected impact of information on the quality of travel choices. The effects are largest for
information services that generate previously unknown alternatives, and lowest for services
that provide warnings in case of high travel times only.
Keywords Travel information  Travel choice quality  Structural equation model
Introduction
The interest in Advanced Traveler Information Services (ATIS) has grown rapidly over the
last years, already culminating in a large body of academic literature on this topic (see for
some notable contributions Ben-Akiva et al. 1991, Polak and Jones 1993, Emmerink et al.
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1995, 1996, Hato et al. 1999, Denant-Boe`mont and Petiot 2003 or for a review Chorus
et al. 2006a). Furthermore, a stream of policy initiatives has been built on the deployment
of ATIS in transport networks (e.g. Commission of the European Communities 2001;
Ministry of Transport, Public Works and Water Management 2002; Department for
Transport 2004). A main underlying justification for this large and growing interest, and for
the huge investments needed for the development and deployment of such services, is the
following line of argumentation: multimodal urban transport networks become more and
more complex and unreliable, so that it becomes practically impossible for travelers to
attain complete knowledge of all relevant factors influencing travel choice. This lack of
knowledge predominantly exists along two dimensions (Bonsall 2004; Chorus et al.
2006b): firstly, travelers may not know all available and feasible travel alternatives (in
terms of mode-route combinations) that may bring them to their destination (e.g. Ramming
2002; Hoogendoorn-Lanser and Van Nes 2004). Secondly, of the alternatives they do
know, they may not know their precise attributes in terms of travel times, costs and other
relevant factors (e.g. Ouwersloot et al. 1997; Bonsall 2001; Rietveld et al. 2001; Bates
et al. 2001; Avineri and Prashker 2003). These conditions of incomplete knowledge are
assumed to lead to decreasing quality of travel choices. It is hoped for, and by many
expected, that travel information provision may assist travelers in making better choices in
these increasingly uncertain and complex multimodal travel networks by increasing
travelers’ knowledge levels (e.g. Khattak et al. 1993; Walker and Ben-Akiva 1996; Adler
and Blue 1998; Golledge, 2002; Abdel-Aty and Abdalla 2004; Jou et al. 2005).
One would expect that a substantial body of knowledge has been acquired over the years
to test whether these expectations are correct. A first body of research, based on empirical
data obtained from surveys or choice experiments, has focused on travelers’ subjective
perceptions of the potential of information to improve their choices. These research efforts
either studied travelers’ willingness to pay for information (e.g. Polydoropoulou et al.,
1997; Khattak et al. 2003; Denant-Boe`mont and Petiot 2003; Molin and Chorus 2004) or
their ex-post judgments of how available information helped them make better choices
(Chatterjee and McDonald, 2004; Benjamin 2006). These approaches, notwithstanding the
valuable insights they present, lack an objective measurement1 of information impact on
choice quality. This disadvantage is addressed in a second body of research, that studies the
potential of information to improve travelers’ choices by deriving theoretical models and
illustrating these with numerical examples based on synthetic data (e.g. Mahmassani and
Jayakrishnan, 1991; Arnott et al. 1991; Al-Deek et al. 1998; Levinson 2003; Gentile et al.
2005; Szeto and Lo 2005). This latter approach allows the objective measurement of
information impact on choice quality (e.g. in terms of mean travel time reductions), but
suffers from an inherent lack of external validity as no real life behavior is observed.
Exceptions are found in Adler (2001) and Bogers et al. (2005), where the impact of
information on travel times is studied empirically. All these research efforts have focused
on either travel by car (predominantly) or by transit, and were predominantly concerned
with travel time information only, and its effect on travelers’ realized travel times. This
limited scope fails to acknowledge that travelers generally make their choices in a
1 With the term objective measurement we refer in this paper to a measurement that is based on a com-
parison by the analyst of choices made with, and those made without, travel information. Such measure-
ments contrast with subjective measurements, where choice makers themselves state the expected or
experienced impact of information on the quality of their choices.
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multimodal environment where a variety of travel information types might be available to
them, and that they generally base their choices on many more attributes than travel times
only.
This paper presents a study that aims at (1) combining the advantages of the different
streams of research presented above, and at (2) providing a broader scope of research, one
that better fits the full dimensionality of traveler behavior. This is done by empirically
investigating the impact of a variety of travel information types, including the assessment
of known alternatives and the generation of unknown alternatives, on the quality of ob-
served multimodal travel choices. Furthermore, an objective measurement of choice quality
is applied that is based on the following general notion: a traveler’s choice for an alter-
native (e.g. a mode-route combination), made under incomplete knowledge, is of a high
quality if the traveler, given complete knowledge, would choose the same alternative.
Finally, the potential impact of travel information is considered along multiple attribute-
dimensions of alternatives, such as travel times and travel costs of car and transit alter-
natives, as well as seat probabilities in transit. Data needed for empirical analysis is
obtained from a choice experiment in a multimodal travel simulator with information
provision, where 261 participants together made 4536 travel choices under conditions of
incomplete knowledge, in combination with a web-based mode-choice experiment where
the same participants made choices under conditions of complete knowledge.
The remainder of the paper is structured as follows: in ‘‘Hypotheses on travel choice
quality and the role of travel information’’ we briefly illustrate the proposed general notion
of travel choice quality with an example. Subsequently, hypotheses are formulated that are
to be tested in this study; they relate to the determinants of travel choice quality in general
and the role of information acquisition in specific. ‘‘Data-requirements and -collection’’
discusses data requirements that follow from the hypotheses to be tested and the general
notion of choice quality proposed here. Subsequently, the data-collection effort is pre-
sented. ‘‘A measure of travel choice quality’’ derives from the proposed general notion an
operational measure of travel choice-quality that is compatible with the obtained data.
‘‘Empirical analysis of the impact of travel information on travel choice quality’’ presents
the empirical analysis of the impact of travel information on travel choice quality by
estimating a structural equation model that is based on the obtained choice data and the
derived choice quality measure. Estimation results are discussed in depth. Finally,
‘‘Conclusions and discussion’’ presents conclusions and directions for further research.
Hypotheses on travel choice quality and the role of travel information
Before formulating hypotheses concerning the determinants of travel choice quality, let us
briefly discuss the general notion of travel choice quality that is presented in the intro-
duction. We conceptualize travel choice quality as the extent to which a traveler’s choice is
the same under conditions of incomplete knowledge and complete knowledge. The fol-
lowing brief example may illustrate this conceptualization: take a traveler that faces a
choice under conditions of incomplete knowledge. That is, she knows of only some of the
available alternatives (e.g. routes for a particular mode) and for the alternatives she knows
of, she does not know their exact attributes (e.g. travel times and costs). Based on this
incomplete knowledge, she chooses a mode-route combination from the set of known
alternatives. Given our conceptualization, this choice has a high quality when the traveler,
would she have known all available alternatives as well as the exact value of their attri-
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butes, would choose the same route. Otherwise, her lack of knowledge has resulted in a
choice of relatively low quality. Note how the adopted notion accounts for a travelers’
preferences: assume that the traveler of our example has a very low value of time, and is
uncertain about alternatives’ travel times but not about their costs. In that case travel time
uncertainty will not lead to large reductions in the quality of her choices, as conceptualized
here, since these choices are not strongly influenced by travel times. Therefore, the
probability that she would have chosen a different mode-route combination under the
hypothetical condition of travel time certainty is relatively low. Due to its generality, this
notion is well suited for testing hypotheses concerning the impact of a wide variety of
factors on travel choice quality, along multiple attribute dimensions. We will specifically
address in this study the following hypotheses:
1. The more alternatives a traveler knows of, the higher will be her travel choice quality
Not only is this an intuitive relation, it in fact is implied by the adopted general notion
of choice quality, as it is presented in the introduction: the more alternatives a traveler
knows of, the lower will be the probability (ceteris paribus) that one of the remaining
unknown alternatives is in fact the best one available, and would be chosen under
conditions of complete knowledge. A test of this hypothesis therefore foremost forms a
test of the validity of the general notion of choice quality proposed here.
2. The less uncertainty is attached to the attributes of known alternatives, the higher will
be a traveler’s choice quality (given that there is no structural bias in percep-
tions)Similar to hypothesis 1, this one is also implied by the adopted notion of choice
quality: the more certain the choice-maker is about the actual value of the attributes of
known alternatives, the less likely she is to choose an alternative from this set that she
would not have chosen under conditions of complete knowledge. A test of this
hypothesis therefore also forms a test of the validity of the general notion of choice
quality proposed here.
3. The more travel information is acquired, the higher will be the travel-choice
qualityThis expected relation is the central hypothesis of the study presented here.
Although this notion may appear evident to some, there is in fact little empirical
evidence to support this expectation, as was argued in the introduction. It may be
expected that different types of information may have different impacts on the quality
of travel choices.
4. The more complete a traveler’s knowledge, the less information will be acquiredMuch
empirical work has been done on this topic (e.g. Hato et al. 1999; Yim and Khattak
2002; Denant-Boe`mont and Petiot 2003; Targa et al. 2003; Petrella and Lappin 2004;
Peirce and Lappin 2004; Van der Horst and Ettema 2005; Chorus et al., forthcoming).
Generally, these studies point out that lack of knowledge does drive information
acquisition, but that subtle effects may exist in the opposite direction. An example of
such a subtle mechanism is that the more alternatives a traveler knows of, the more
inclined she might become to assess the attributes of these known alternatives.
5. For business trips, travelers acquire more information and, controlled for the acquired
information, make travel choices of relatively high qualityThe first part of this
hypothesis is well established in empirical literature on travel information acquisition
for arrival time sensitive trips (e.g. Emmerink et al., 1996; Polydoropulou and Ben-
Akiva, 1998; Hato et al. 1999; Srinivisan et al. 1999), and makes sense intuitively. The
second part is based on the notion that when the stakes are high (in this case: the
penalty of late arrival is high), individuals may put more effort in their decision
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making process which in turn may help them make better choices (e.g. Payne et al.
1993).
6. The more unreliable the information, the less it is acquired and when it is acquired, the
less will be its positive impact on travel choice quality.The importance of (perceived)
information reliability as a determinant of information use is well grounded in
empirical literature (Polydoropulou and Ben-Akiva, 1998; Hato et al., 1999; Fayish
and Jovanis 2004). The second part of the hypothesis is based on the notion, found in
theoretical studies of travel information effect (e.g. Arenzte and Timmermans 2005;
Chorus et al., 2006b), that due to unreliability of the information, travelers may only
partly reduce the uncertainty of their initial perceptions.
Data-requirements and -collection
Derivation of data-requirements
Given the adopted conceptualization of travel choice quality and the formulated hypoth-
eses, a range of data requirements can be derived: firstly, we need to observe travel choices
made under conditions of various levels of incomplete knowledge, in terms of both small
numbers of known alternatives and large levels of uncertainty with respect to their attri-
butes. In this context of incomplete knowledge, a wide range of travel information should
be available to the traveler. Furthermore, we as an analyst need to be able to observe the set
of available alternatives and the true values of their attributes. The needed level of
experimental control (i.e. the need to be able to control travelers’ knowledge levels) in
combination with the need to provide a variety of travel information options led us to the
deployment of a multimodal travel simulator with information provision (Chorus et al.,
2006c), see ‘‘Travel simulator experiment (observation of choices under incomplete
knowledge)’’. Finally, we need to infer what choices travelers would have made if they
would have had complete knowledge in the same choice situations. Given the hypothetical
nature of the condition, the latter choices cannot be directly observed. Therefore, we
predict them based on estimated preferences of travelers for alternatives and their attributes
and assuming complete knowledge. A web-based stated mode-choice experiment under
conditions of complete knowledge is held among the same group of respondents that
participated in the simulator experiment, during the same session, to derive estimates for
their preferences (‘‘Stated mode-choice experiment (observation of choices under com-
plete knowledge)’’).
Response group characteristics and outline of the experiment
Participants were recruited through placement of advertisements in a campus newspaper
and a free newspaper. Also an email was sent out to ±500 students. Criterion for partic-
ipation was that participants had some experience with traveling by both car and train. A
20 euro reward was offered for participation. In total, 261 individuals were recruited this
way. Table 1 presents some response group characteristics and shows a rather heteroge-
neous group in terms of socio-economic characteristics. However, it should be noted that
the participants were not average travelers due to the above mentioned selection criterion.
This should be taken into account when interpreting the results of the analysis presented
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further below, although it is not directly clear what potential biases our sample-selection
might induce. The sessions each followed the same program. After a brief introduction, an
extensive web survey was filled out concerning among other things the participant’s actual
travel behavior and his or her acquisition of travel information through different media.
Following this web survey, a stated choice experiment was performed (see ‘‘Stated mode-
choice experiment (observation of choices under complete knowledge)’’), after which the
participants were given a rather extensive introduction in the travel simulator’s workings
(see ‘‘Travel simulator experiment (observation of choices under incomplete knowl-
edge)’’).
Following this, the participants were given a rather extensive introduction in the sim-
ulator. Participants were asked very explicitly to not regard the experiment as some form of
a game (e.g. by trying to travel as fast as possible, or spending as much or as little money as
possible), but rather to try to identify with the travel situations presented and make choices
that they would make, would they be confronted with such a situation in real life. It is
known that in simulated travel situations like the ones presented in this experiment, the
issue of motivation is a difficult one. See Carson et al. (2000) and Bonsall (2002) for
overviews of possible incentive-caveats. In order to increase the motivation of participants
to put effort in identifying themselves with the simulated travel environment, the following
approach was chosen: participants were told during the introduction that they could win a
Table 1 Response group characteristics (N = 261)





< 25 45 45
< 40 27 72
< 65 27 99
> 65 1 100
Completed education
Lower education 2 2
Secondary school 67 69
Higher education 31 100
Main out-of-home activity







Less than sometimes 17 100
Public transport (PT) season ticket
Some form of 62 62
None 38 100
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7.5 euro bonus, to be awarded to about half of the respondents, based on the success of
their identification effort. It was mentioned that the correspondence of their choice-
behavior as observed in the simulator experiment with the choice-behavior observed in the
stated mode choice experiment and the answers to web-survey questions concerning re-
vealed behavior would be used to measure the degree of identification. However, it was
made clear to the participants that they would probably be most likely to obtain the bonus
by simply making a real effort to identify with each of the travel situations presented. After
this introduction, participants all made four test-rides, two with and two without the
availability of travel information. Subsequently, a number of trips (maximum 25) were
made in the travel simulator environment and recorded, all in the presence of information
services.
Travel simulator experiment (observation of choices under incomplete knowledge)
Figure 1 shows a screen plot of an arbitrary travel situation a participant may be confronted
with. The workings of the simulator will be discussed by going through this figure. The
screen consists of four parts: lower left presents the trip context, upper-left shows the
transport network, upper right presents the information service and lower right shows a
visual aid.
Trip purpose
The trip purpose consists of a story line describing trip purpose and possibly preferred
arrival times, generated at random for each trip from a set of predefined options. These
story lines were presented at the beginning of each new trip through pop-up windows, after
Fig. 1 Screen plot of the simulator (in Dutch)
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which they were located at the lower left of the screen during the completion of the trip.
Trip purpose could be either business, commute, social or leisure. Next to the story line, the
trip context displays a clock, presenting accelerated time. It ticks away one minute waiting
time or in-vehicle time per actual second, after a travel alternative is executed. Finally,
beneath the clock, a money counter registers the amount of money spent so far on a given
trip, including both travel costs and costs of information acquisition.
The transport network
A purely fictive O-D pair was created, connected by four paths displayed as arrows and
an interchange facility halfway; as our current analyses do not deal with in-trip choice
adaptation, we will not discuss here the interchange possibilities. The two left arrows
symbolize two car-options, i.e. highway routes. The two routes are equivalent except
that they may differ in terms of travel times and costs. Next to these two car-options,
two intercity train options exist which are also equivalent, except that they may also
differ in travel time and cost, as well as seat availability. Furthermore, the left one of
the two trains departs once every 15 min, the right one once every 5 min, thus
inducing a lower expected and maximum waiting time. The number of a priori alter-
natives ‘known’ to the traveler varies per trip. ‘Unknown’ alternatives are marked grey
instead of black, and the traveler initially has no knowledge concerning their charac-
teristics. These alternatives are inactive, and cannot be executed by the traveler. For the
trip displayed in Fig. 1, one car-option and the 15 min train option are known a priori.
The other train alternative is activated by the information service (see further below).
The participant’s initial knowledge of the alternatives (i.e., before acquiring any
information) is presented in the boxes below the black arrows. The following a priori
knowledge is provided to the traveler for the known alternatives: for both car and train
options, (1) best guesses for travel times and travel costs2 are provided, as well as (2)
‘confidence’ intervals, i.e. ranges of times and costs within which the participants are
told (correctly) that actual values will fall almost certainly. A priori, train travelers do
not know the exact departure times (although they do know the service’s frequency),
neither do they know whether or not a seat is available for them. Let us focus first on
the situation where a traveler decides not to acquire information, but to directly embark
on a trip by executing one of the known travel alternatives: a participant may start his
journey by clicking one of the arrows, and subsequently confirming his choice in the
appearing pop-up window. By confirming his or her choice, there is no possibility of
adaptation until the interchange point is reached. Directly after confirmation, the
traveler is confronted with the actual costs of the alternative, and train travelers were
also informed whether or not they had a seat. As the trip commences (Fig. 1 shows the
situation where a car option is chosen), the clock starts ticking and the arrow that
represents the chosen alternative incrementally turns red, indicating the amount of
distance traveled so far. These actual travel costs were drawn from a normal distri-
bution, having the best guess as mean, and a quarter of the length of the ‘confidence’
2 Travel times were framed as door to door for car-trips, and door-to-door minus waiting times for train-
trips. All ‘best guess’ travel times were randomly varied beforehand and could take the values of 50 and
60 min for the car-option and 45 and 55 min for the train option (since to the latter also waiting times had to
be added to get the total travel time). Travel costs were framed as fuel expenditures + parking costs for car-
trips, and ticket tariffs for train-trips. Travel costs were randomly assigned beforehand the values of 3.5 euro
or either 7 euro.
632 Transportation (2007) 34:625–645
123
interval as standard deviation, so that 95% of the drawn actual values would indeed fall
within the ‘confidence’ interval. The same applies to the generation of actual travel
times. Seat availability was randomly drawn from a discrete distribution (50% chance
of having a seat), waiting times from a uniform distribution between 0 and the
headway (either 5 or 15 min).
The information service
Let us focus now on the information acquisition options: as can be seen in Fig. 1, the
information service’s layout is an exact copy of the transport network. In the sample
used for our current analyses all provided information was fully reliable, meaning that
every received message corresponds to the actual value of that particular attribute.
Participants were told about this complete reliability. The service presents three ways of
acquiring information: firstly, a traveler may acquire information concerning one or more
particular attributes of a known alternative, be it travel times and/or costs for a car or
train option, and/or waiting times and seat availability for train options. This is done by
first clicking on the arrow of a ‘known’ alternative and subsequently checking the boxes
for those attributes for which information is needed (the information price is listed at
every box, and varies between 0.15, 0.30, 0.45 eurocents). After the boxes are checked,
the service displays the information in the information box. Figure 1 presents the situ-
ation where for one of the car-options, both travel time and costs are informed about by
the information service. Secondly, a traveler can ask the service to generate or activate
one or more alternatives that are currently ‘unknown’ to him or her. This is done by
clicking on an arrow within the information service screen that corresponds to an un-
known alternative in the transport network. After this is done, a pop-up window appears
that states the price of the information acquisition (being varied between 0.45, 0.60 and
0.75 eurocents) and asks for a confirmation. After confirmation, the alternative is made
active, that is, its color turns black in the transport network, and the alternative can be
executed from now on. Furthermore, the information service provides estimates for all
the alternative’s characteristics. These estimates are displayed in the box below the
activated alternative in the information service screen part. Figure 1 presents such an
information acquisition for the 5 min train option. Thirdly, a traveler may activate the so-
called early-warning function. This function notifies a traveler when an alternative that is
about to be chosen has an actual travel time that is substantially larger than the traveler’s
best guess (no strict level of travel time differences that triggers these messages is
mentioned to the travelers). This type of information is acquired by clicking on a known
alternative and checking the early warning box. Note that all these types of information
can be acquired either pre-trip, as well during the trip or at the interchange point, which
makes the information service ‘mobile’. However, we focus on pre-trip information
acquisition here. Note furthermore that the choice set size of information options de-
pends on the choice set size of travel options: when a travel alternative is unknown, it
can not be assessed in terms of its attributes; when it is known, it cannot be generated by
the information service. Since there are more assessment options per known alternative
than there are generation options per unknown alternative, the size of the information
choice set is positively correlated with the size of the travel choice set. The early
warning function is always available, irrespective the number of available travel alter-
natives in the traveler’s travel choice set.
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The visual aid
In the lower right, pictures are placed that help the traveler identify with the situation at
hand: several pictures were available to describe a number of possible pre- and in-trip
situations for car (e.g. with and without congestion) as well as train (e.g. waiting at the
station, being underway).
Observed choices
In total 4,536 recorded trips were made in the simulator in the presence of travel infor-
mation. Of these trips, 2,454 were executed by car (54%); the rest of times, train was
chosen as a travel mode. In total, 5,298 unknown alternatives were generated (on average
1.17 times per trip). Travel time information was acquired 2,653 times (0.58), travel costs
1,023 times (0.23). Train departure time information was requested about 849 times (0.19),
seat availability 303 times (0.07). The early warning function was activated for 1,252 trips
(0.28).
Stated mode-choice experiment (observation of choices under complete knowledge)
This experiment consisted of a series of binary car-train mode-choices. Also here, trip
purposes (the same ones as used in the simulator) were randomly assigned to trips.
Car-alternatives were specified in terms of their travel times and costs, train alternatives
additionally in terms of their waiting times and seat availability. Attribute values were
varied systematically across alternatives. In order to avoid fatigue effects, a fractional
factorial experimental design was applied that resulted in 16 binary choice tasks per
individual. Attribute values were presented to participants as being certain. In total,
261 x 16 = 4,176 stated mode-choices were observed, of which 2,366 were choices for car
(57%), the remainder being train-choices. These observed choices were used to derive
travelers’ alternative-specific preferences as well as their valuation of travel and waiting
times, costs and seat availability in trains.
A measure of travel choice quality
This section derives a measure of travel choice quality that, although it may be applied in a
number of other settings, is geared for compatibility with our general notion of travel
choice quality, the formulated hypotheses and the obtained dataset. Subsequently, the
measure is applied to compute choice quality for the observed travel choices made under
conditions of incomplete knowledge in the travel simulator environment.
Derivation of a measure of travel choice quality
Assume a traveler i facing a set of available alternatives Savail, containing J alternatives
Yj (say, mode-route combinations). Each of these alternatives consists of a bundle of
relevant observed attributes. Assume for simplicity of presentation and without loss of
generality that these attributes are invariable across travelers:Yj = {xj1, xj2,...}. Assume
furthermore that the traveler has incomplete knowledge as (s)he is only aware of a
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subset of alternatives (Si
known ( Savail), and does not know the exact true values
xj1; xj2; . . .
 
of the bundle of relevant attributes {xj1, xj2,...}. Rather, she perceives the
bundle as a joint probability distribution fi(xj1, xj2,...). Note that many other concep-
tualizations of the traveler’s uncertain perception of these attributes would fit the
argument being made here. We observe that a traveler, faced with this incomplete
knowledge, chooses an alternative, say Y i
chosen = Ym, from Si
known. To infer what
alternative would have been chosen under hypothetical conditions of complete
knowledge, take the same traveler, but assume now that she does know all available
alternatives (i.e. Si
known = Savail), as well as the exact values of their relevant attributes.
We assume that her choice under complete knowledge will be based on a compensatory
utility structure, using her valuations bij0, bij1, bij2,... of the true values xj1; xj2; . . .
 
of
the attributes of available alternatives:
Vi Yj 2 Savail
  ¼ bij0 þ bij1xj1 þ bij2xj2 þ . . . ð1Þ
Although it will often be practically infeasible to infer the exact values bij0,bij1,bij2,... of
travelers’ preferences for alternatives and their attributes in the hypothetical situation of






ij2 . . . for these
preferences from other observed travel choices, made by the same travelers.3 Let us assume
that this estimation process is performed within a random-utility framework, and that the
variances of the i.i.d.-extreme value random utility components eij equal p
2/6, i.e. that the
scale of the utility is normalized to 1 (Ben-Akiva and Lerman, 1985). Under the requirement
that (1) the choices used for preference-elicitation are observed in a choice-context that
closely resembles the context within which the quality of travel-choices is evaluated, and (2)
that both the observations made for parameter estimation, and the evaluation of travel-choice







ij2 . . . equals the scale of true preferences bij0,bij1,bij2,... Then, the
deterministic utility of equation (1) can be rewritten into its random utility counterpart (2),
where var(eij) = p
2/6:
Ui Yj 2 Savail






ij2xj2 þ . . .þ eij ð2Þ
This random-utility specification thus reflects the observational deficiencies of the analyst
in terms of observing and predicting utilities of travel alternatives. Given this representation
of a traveler’s preferences (up to a random error), the analyst can predict choice probabilities
for alternatives under conditions of complete knowledge by specifying the functional rela-
tionship between utility and choice, in this case resulting in a straightforward MNL-model.
These choice probabilities represent the probability in the eyes of the analyst that the traveler,
would she have complete knowledge, chooses an alternative, and is denoted
P Yj S
avail
 ; xk1; xk2; . . .f g8k 2 Savail
 
. The assessment of travel-choice quality, in terms of
whether the observed chosen alternative under incomplete knowledge corresponds to the
3 Note that the availability of individual-level parameters is not critical for the argument made here, nor for
the development of the measure of travel-choice quality that is proposed below. Obviously, parameters






ij2; . . . may provide a more reliable inference of an individual







j2; . . . ; as the latter do not account for preference heterogeneity in the sample. However, sub-
stantial parts of this heterogeneity may be accounted for indirectly by having a number of socio-economic
characteristics enter the utility functions.
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 ; xk1; xk2; . . .f g8k 2 Savail





known = 1 if alternative j is chosen under conditions of
incomplete knowledge, and 0 otherwise. Li takes on values anywhere between 0 (poorest
quality—the probability that the traveler would have chosen his current alternative had
(s)he had complete knowledge is zero) and 1 (highest quality—the probability that the
traveler would have chosen another alternative had (s)he had complete knowledge is zero).
This range implies that our measure of travel choice quality is standardized with respect to
a base-case and an upper bound.
It is important to note here, that the measure presented in equation (3) not only captures
travelers’ capability—under conditions of incomplete knowledge—to choose an alternative
they would also choose had they had complete knowledge, but also the analyst’s ability to
approximate travelers’ true preferences. This point can be clarified supposing that the analyst
that has not been able at all to capture travelers’ true preferences, i.e. signs and magnitudes of
estimated parameters are completely off mark. As a result, the predicted choice probabilities
are not representative of the choices of travelers under the hypothetical conditions of com-
plete knowledge. Based on these erroneous predictions, low values of Li are likely to be found;
these low values do not signal a low choice-quality from the side of the traveler, but rather
inability from the side of the analyst. The same reasoning holds for the situation where the
analyst does not find significant parameters in the first place, leading to insensitivity of
predicted choice probabilities to changes in attribute values. The measure proposed in Eq. 3
therefore only has meaning within the context of the adopted theoretical framework,
assuming that it provides a valid representation of actual choice processes. This is however
not unique to the present measure: for example welfare-based accessibility measures also
only have meaning within the context of the estimated model.
Furthermore, note that for analyses that do not focus on choice quality in an absolute sense,
but rather in a relative one (such as analyses concerning the impact of information on choice
quality), the measure presented in Eq. 3 does not require that the analyst knows all alternatives
Savail: a minimum requirement for the application of the measure is that the analyst knows one
more available alternative, besides the one chosen by the traveler. A fictive choice set S
^
avail
can then be constructed that contains the chosen alternative as well as the non-chosen but
available alternative, and may be denoted S
^
avail  Savail . Equation 3 then gives a travel-
choice quality measure based on the predicted probability that the chosen alternative would
also be the chosen one in the constructed subset S
^
avail . Finally, note that it is not necessary to
assume that the analyst knows the true values xj1; xj2; . . .
 
of all relevant attributes in S
^
avail
or Savail. Rather, the analyst should know the true values of those attributes that she wishes to
enter the analyses. Of course, the inclusion of only a very limited number of attributes in the
analysis might lead to a less reliable measure of travel-choice quality.
Applying the measure of travel choice quality on the obtained dataset
Recall that (to avoid fatigue effects) it was decided to have participants make a number of
16 binary mode-choices under conditions of complete knowledge. As estimation of






ij2; . . . is not possible based on these 16
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j2; . . . were estimated and a
number of socioeconomic characteristics were entered in the utility-specification in order
to capture a substantial share of preference-heterogeneity in the sample. Table 2 presents
the estimation results, obtained by estimating a binary logit model using the BIOGEME
statistical package.4
Note that the scale-parameter is normalized to 1, i.e. var(eij ) is set to p
2/6. We will only
briefly touch upon these results, as this study is not concerned with mode-choices. All
parameters are of the expected sign, and significant. The car-constant implies that the
average traveler in our sample prefers traveling by car over traveling by transit, all else
being equal. The implied value of travel time is 10.89 euro per hour car travel time, and
7.95 euro per hour transit travel time (which itself is a sum of waiting time and in-vehicle
time). For business trips, these values are 19.37 and 16.43 respectively. Seat availability in
transit is positively valued, as expected. Concerning socio-economic characteristics, it
appears that older travelers are more inclined to choose transit than younger ones, and have
Table 2 estimation results (travel choices under complete knowledge)
Variable Parameter t-Statistic (robust)
Attributes of travel alternatives
Car constant 2.139 5.257
Travel time car (min) 0.063 15.088
Travel time train (min) 0.046 12.130
Travel costs (euros) 0.347 13.063
Travel time x Business (to be added to travel time parameter) 0.049 5.464
Seat availability (on train) 0.862 9.667
Socioeconomic variables
Age dummy (on car) 0.027 7.461
Age dummy (to be added to travel costs parameter) 0.002 3.243
Number of days car use in real life (on car) 0.156 6.998
Number of days transit use in real life (on car) 0.062 2.666
Education (on car) 0.126 2.978
Dummy for ‘‘car is most important mode for me’’ (on car) 0.524 4.006
Car license (on car) 0.417 2.433
Model statistics
0-Log-Likelihood 2894.58
Log-likelihood at convergence 1716.46
Adjusted rho-square (13 parameters) 0.403
Number of cases 4176
4 Note that, although multiple choices were observed per individual, we did not directly apply this panel
structure in estimation. Acknowledging the panel structure through random agent effects and subsequent
incorporation of these agent effects in our subsequent Structural Equation Model of the determinants of
travel choice quality would greatly increase that model’s complexity. For the present study, we have, for
reasons of simplicity of presentation and for reasons of space limitations, chosen to indirectly acknowledge
the panel structure by using robust t-statistics. Also, we have incorporated a number of sociodemographics
in our models in order to increase our grasp of variation due to to observed, rather than unobserved factors.
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higher values of time as they value travel costs less negative than younger ones. Higher
education (coded from 1 to 5 for increasing levels in the Dutch education system) leads to
more transit use.
In order to obtain optimal congruence between on the one hand the contexts of the
choices observed in the simulator (incomplete knowledge) and on the other hand the binary
choices observed in the stated mode-choice experiment (complete knowledge), as was
advocated in ‘‘Derivation of a measure of travel choice quality’’, it was decided to con-
struct per observed choice in the simulator an artificial choice set S
^
avail  Savail .This set
contains the chosen alternative from Si
known, as well as a randomly drawn alternative route
from a different mode. That way, i.e. by making sure that the constructed set as well as the
stated mode-choice set contain both one car and one rail alternative, we can apply the
parameters estimated in a binary mode-choice context in order to predict choice proba-
bilities in a similar binary mode-choice context, as much as possible avoiding potential
incompatibilities with the scale of the utilities and the correlation structure of error
components (IIA assumption). Together, this enables us to calculate the quality of each of
the 4536 travel choices made in the simulator, as defined in Eq. 3 (note that we applied
scale-factor 1 for the prediction of choice-probabilities, in congruence with the scale factor






ij2 . . .Þ; and proceed with our analyses con-
cerning the determinants of choice quality. Note that from an absolute point of view, this
artificial choice set composition presents a bias in the measurement of choice quality.
However, as elaborated on above, since we are in the remainder of this paper interested in
choice quality in a relative sense, this bias does not affect our ability to study the relations
between information use and quality of travel choices in an unbiased way.
Empirical analysis of the impact of travel information on travel choice quality
As can be seen in ‘‘Hypotheses on travel choice quality and the role of travel informa-
tion’’, we hypothesize that the effects of a range of factors on travel choice quality may
consist of direct and indirect effects. Take for example the factor ‘uncertainty’: it is
hypothesized that the direct effect of this factor on choice quality is negative (relation 2).
However, as we also hypothesize that travelers with limited knowledge will be relatively
inclined to acquire information (relation 4) and that information acquisition leads to better
choices (relation 3), we also hypothesize a positive indirect effect to exist (relation 3 + 4).
A confirmatory modeling technique that is well suited to deal with such a combination of
direct and indirect effects is Structural Equation Modeling (SEM). As this linear-in-
parameters multivariate statistical modeling technique is fairly well known in transporta-
tion academia, and excellent in-depth treatments of the technique exist (e.g. Golob 2003),
we will not discuss it in any details here. Table 3 presents the actual variables that enter our
model. The result of the model estimation, using the LisRel package, is presented in Fig. 2.
For simplicity of presentation, the error terms for the independent variables as well as the
correlations between variables are suppressed in this figure. Estimated effects are men-
tioned, followed by their t-values. Effects with t-values of less than 1.96 (a two-tailed
significance level of 0.05) are given dotted lines. The model’s v2 totaled 4.61, for 3 degrees
of freedom, signaling a reasonable model fit (P = 0.203). Furthermore, most hypothesized
relations appear significant and as will be discussed below, are of the expected sign. Note
however, that only 4% of the variation in travel choice quality has been explained by
variation in the independent variables, which is a rather low percentage. There are two
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reasons why this limited explanatory power of the model is not surprising: firstly, as
elaborated on in ‘‘Derivation of a measure of travel choice quality’’, it should be
acknowledged that a substantial part of the variation in the applied likelihood measure
might stem from the fact that proxies for the travelers’ true preferences were used in
predicting choice probabilities under the hypothetical conditions of complete knowledge,
as true preferences could by definition not be derived under these hypothetical circum-
stances. Therefore, the analyst is by definition unable to determine exactly what alternative
would have been chosen under conditions of complete knowledge, due to variation in the
random error component in the utility function. This imperfect ability of the analyst results
in an inherent measurement error with respect to the measurement of travel choice quality.
This measurement results in additional variation in measured travel choice quality that
cannot be explained by the reported hypothesized relations. Secondly, we only considered
a limited number of explanatory variables, as our study is confirmatory in nature (how
Table 3 List of variables entering the structural equation model
Knowledge at
the
outset of the trip
#Known
alternatives
The number of alternatives that is known at the outset of the trip, i.e. the
number of alternatives in Si
known (taking the values 0, 1, 2, 3, 4)
Uncertainty The level of uncertainty at the outset of the trip with respect to travel






The standard deviation of travel time information (taking the values 0
(fully reliable), 5 and 10)
Trip purpose Business trip Dummy variable: 1 IF the trip’s purpose is a business meeting, 0
otherwise
Socioeconomic Educationa Education level of participant, ranging from 1 (primary school only) to 5
(university degree)
Experimental Trip Numberb Dummy variable: 1 IF trip umber is between 8 and 15, 0 otherwise.
Information
Acquisitionc
Early warning Dummy variable: 1 IF the early warning function was activated for this
trip, 0 otherwise
Assessment The total number of attributes that information is acquired about for this
trip










 ; xk1; xk2; . . .f g8k 2 Savail
 yj Sknowni ;fi xk1 ;xk2 ;...ð Þ8k2Sknownijh i
a It might be expected that education level influences the quality of observed travel choices
b Based on preliminary data-analyses, it was found that there exists a relation between the trip number and
the choice quality, that appeared to persist, also when a number of other potential factors were controlled
for. More specifically, it was found that the first couple of trips (up to about trip number 8), as well the last
couple of trips (up from about trip number 16) had a lower average quality than the trips made in between.
This may indicate that participants needed some time in order to understand the experiment (although 4 trips
were made before the first trip was recorded for the analyses presented here), and suffered from fatigue
effects after some number of trips. It was therefore decided to include trip number as an independent
variable, in order to control for this potentially significant effect
c Note that information costs did not enter the SEM. This variable has been removed from the model after it
became clear that its correlation with information acquisition (as operationalized in this study) was mostly
insignificant. In other studies (e.g. Chorus et al. 2006e) we distinguished between each of the 40 information
acquisition options and treated these separately in estimation, this correlation did appear significant.
However, for the present study, such a disagregation appeared unfeasible due to the large number of
additional variables involved
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valid is the proposed measure of choice quality? And: does information acquisition lead to
better travel choices?), rather than explanatory (what are the determinants of travel choice
quality?): we are interested in investigating whether hypothesized relations appear sig-
nificant in our model, rather than trying to identify all factors that may codetermine choice
quality.
Turning to the hypotheses, formulated in ‘‘Hypotheses on travel choice quality and the
role of travel information’’, the results of the SEM analysis indicate the following. First,
the estimation results support hypotheses 1 and 2: the choice quality increases with the
number of known alternatives and decreases with the uncertainty attached to the attributes
of these alternatives (t-value 2.34 and 4.08 respectively). These effects were theoretically
expected given the adopted general notion of choice quality and the fact that they appear to
hold empirically provides evidence for the validity of the adopted general notion of choice
quality and the measure of choice quality derived from it. We will proceed with testing the
hypotheses that describe our intuition concerning the role of travel information in decision
making processes and its effect on choice quality. Starting with relation 3, which is central
to the study presented in this paper: the more information is acquired, the higher will be
travel-choice quality. It appears that for all three information types, the sign of the effect of
information acquisition on travel choice is positive. However, concerning the early
warning function, the effect is insignificant at any reasonable level (t-value equals 0.84). A
closer look at the working of this function explains the absence of a significant effect: the
early warning function provides a warning in case travelers are about to embark on a trip
on a route that has a substantially higher than expected travel time. Although this type of
information may be helpful to travelers as it reduces the costs of thinking (Shugan 1980)
and fits well within so-called satisficing decision-making strategies, the information con-




















































Fig. 2 A SEM of the impact of information on travel-choice quality
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attributes, and provides no actual messages of predicted travel time, just a warning. In this
light, the insignificant effect on choice quality is not so surprising. With respect to the
assessment of known alternatives, the effect is only significant at a one-tailed level of 0.10
(t-value equals 1.36), and not quite substantial. Apparently, by investigating the attributes
of known alternatives alone, a traveler still remains quite prone to choosing an alternative
that may not be optimal given the full set of available alternatives. However, the assess-
ment type of information acquisition may help the traveler in increasing her travel-choice
quality somewhat. The effect of generating previously unknown alternatives through the
information services does have a highly significant and relatively large effect on choice-
quality (t-value equals 5.19). This signals the high information content of this information
type: not only is an alternative added to one’s choice set, estimates are provided for its
attributes, too. That way, it increases the set of known alternatives and reduces the average
level of uncertainty in this set. It is this double impact that apparently leads to an increase
in travel-choice quality.
Concerning the hypothesized negative relation (nr 4) between knowledge and infor-
mation acquisition, the following is found: the more alternatives a traveler knows of, the
less inclined she will be to have an information service generate additional alternatives, as
would be expected (t-value equals 68.82). It can also be seen that an increase in the
number of known alternatives leads to an increase in information acquisition concerning
the attributes of these alternatives (t-value 21.45) and an increase in the activation of the
early warning function (t-value 2.09). This effect makes sense too, as explained in
‘‘Hypotheses on travel choice quality and the role of travel information’’: knowing more
alternatives, with uncertainty attached to their attributes, means that there is more uncer-
tainty to be reduced within the set of known alternatives. Finally, increasing levels of
uncertainty per known alternative do lead, as hypothesized and found in literature, to more
information acquisition concerning these attributes (t-value 6.01).
Moving to hypothesized relation 5, concerning business trips, it is found that, as was
expected and often suggested in the literature, travelers are more inclined to acquire
information on these arrival time sensitive trips (t-values 13.30, 12.39 and 6.19 for early
warning, assessment and alternative generation respectively). It appears that especially the
early warning function is an attractive option there, as it prevents arriving late, without
forcing the traveler to embark on a time-consuming decision-making process for fast and
reliable mode-route combinations. Moreover, it appears that when controlling for this
increase in information acquisition, the quality of travel choices made for business trips is
still higher than that of trips made for other purposes (t-value 3.42). This signals that
individuals will put more effort in making a ‘good choice’ when the stakes are high.
Indeed, we find that by giving the extra effort, they succeed in making better choices.
Relation 6 states that information unreliability has a double negative effect on choice
quality, which appears to hold in our sample: firstly, it induces lower levels of information
search (t-values equal 4.33, 4.83, 2.76 respectively for activating the early warning
function, assessing known alternatives and generating unknown ones). Secondly, infor-
mation that is acquired has, to the extent that it is unreliable, a lower potential to reduce
uncertainty and increase choice-quality (t-value equals 1.86). These results signal the
paramount importance of the reliability of information services. A slight positive effect of
education level on choice quality is found, though the effect is not significant at high levels
(t-value 1.48). Finally, it appears that as was expected, participants made relatively poor
choices in the beginning and the end of the experiment (t-value for trips made halfway the
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experiment equals 9.82). Although we controlled for this factor in model estimation, it
would have been wise to limit the duration of the experiment to less than the two and a half
hours we took.
Conclusions and discussion
This paper investigated the impact of travel information on the quality of travel choices. It
distinguishes itself from earlier studies on this topic by empirically investigating the impact
of a variety of travel information types, including the assessment of known alternatives and
the generation of unknown alternatives, on the quality of observed multimodal travel
choices, using objective rather than subjective measurements. Furthermore, the potential
impact of travel information is considered along multiple attribute-dimensions of alter-
natives, such as travel times and travel costs of car and transit alternatives, as well as
waiting times and seat probabilities in transit. Data needed for empirical analysis is ob-
tained from a choice experiment under conditions of incomplete knowledge and infor-
mation provision in a multimodal travel simulator, in combination with a web-based mode-
choice experiment under conditions of complete knowledge.
A Structural Equation Model is estimated that is based on computed values of travel
choice quality for each of the 4,536 trips that were made under conditions of incomplete
knowledge. Estimation results show that theoretical expectations with respect to the
workings of the adopted general notion of travel choice quality appear to hold empirically,
providing support for the validity to this general notion and the proposed measure derived
from it. Simultaneously with this validation, a number of other hypothesized relations was
tested, referring to the role of travel information acquisition in travelers’ decision-making
processes and its influence on travel choice quality. It is found that the more alternatives a
traveler knows, the less she will be inclined to have an information service generate
additional alternatives, as would be expected. However, an increase in the number of
known alternatives leads to an increase in information acquisition concerning the attributes
of these alternatives and an increase in the activation of the early warning function.
Increasing levels of uncertainty per known alternative lead, as hypothesized, to more
information acquisition. Concerning the effect of acquired information on choice-quality, it
is found that the early warning function has a too low level of information content to
substantially increase choice-quality. By investigating the attributes of known alternatives
alone, a traveler also remains quite prone to choosing an alternative that may not be
optimal given the full set of available alternatives. The effect of generating previously
unknown alternatives through the information services does have a highly significant and
relatively large effect on choice-quality. Furthermore, it appears that on business trips, also
when controlling for the increase in information acquisition for these trips, travel choice-
quality is higher than on trips made for other purposes, signaling that individuals put more
effort in making a ‘good choice’ when the stakes are high. Information unreliability
appears to have a double negative effect on choice quality: it induces lower levels of
information search, and information that is acquired has a lower potential to reduce
uncertainty and increase choice-quality. The fact that all found relations in the SEM-
analysis are either intuitive or well interpretable indicates that the potential issue of con-
founding between choice quality and the analyst’s capability to derive reliable preferences
of travelers (see ‘‘Derivation of a measure of travel choice quality’’) did not play a too
substantial role given the present dataset.
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Given these results, this study provides an indication that claims of a positive impact of
travel information on travel-choice quality are, at least to some extent, justified. The size of
the impact, however, differs between types of information. A relatively large effect is
generated by information services that provide travelers with previously unknown alter-
natives simultaneously with the provision of estimates of their attributes. Furthermore, as
found effects are well explainable and mostly significant, the study provides evidence of
the applicability of the proposed measure as a means to study the impact of travel infor-
mation on travel choice quality.
However, it is important to note here again that the sample used for analysis is not a
random one: we invited individuals having experience with both travel by transit and
private car. The above stated conclusions should therefore be interpreted with caution, and
must certainly not be generalized directly towards the full population of travelers. In
particular, our findings should not be interpreted to suggest that providing captive car-
drivers or transit users with information on other modes would enhance the quality of their
choices. Further study efforts, preferably based on revealed travel choice data from actual
travel situations involving random samples of travelers, are needed to replicate the findings
presented here and test their validity.
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